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We request a 15 bubble chamber run in a dichromatic neutrino-antineutrino
beam to take place simultaneously with E-594 which could be as early as October
1981. The bubhle chamber qould be filled with a heavy mix of Neon and Hydro-
gen. In this 22 week- period we would hope to get approximately 0.6x10!°% pro-

-tons on target; split equally between neutrinos and antineutrinos. If all went
well, we would have the worlds largest sample of v and V events in a bubble
chamber taken with a dichromatic beam. The exposure would amount to as much as
600Q‘ pictures. We assume that the distribution of energies at which the di-
chromatic beam will be tuned Qill be about the same as in Cheiletter of March
2, 1979 from J.K. Walker and F.E. Taylor to T. Groves. In our previous an-
tineutrino dichromatic run, E-388 , weVobtained only a disappointing 0.23x10!°

protons on target.

NEUTRAL CURRENTS

The run proposed here would more than double the amount of data we have
witﬁ antineutrinos. Our antineutrino neutral current sample would go from the
240 events we now have to about 550 events. A CERN experiment in BEBC has re—
ported 140 antineutrino. neutral current events in a dichromatic beam. This

same experiment has another 240 unpublished events.

For neutrino neutral current events in a dichromatic beam the world sample
of bubble chamber events consists of about 400 events (not yet published) from

E~-380 and 900 events (600 not yet published) from a CERN BEBC experiment. Qith

0.3x1019 protons. on target in a dichromatic beam tuned for neutrinos we would

expect to get about 1500 neutral current events.
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The physics of neutrino induced neutral current events was discussed {in
detail in our original proposal for E-388 and reiterated in a letter to the

Fermilab director dated February 15, 1979. We list here briefly the phyéics

objectives described in that letter:

l. Neutral current structure funétions,

2. Ratios of varlous charge pion states (n*/n~, ngfni).for both charged
currents and neutral currents and for neutrinos and antineutrinos,

3. Measurment of ylelds of strange particles for neutral current as well
as charged current events,

4. Search for single charmed particles in the neutral current sample,
‘forbidden by the sﬁandard model,

5. Fragmentation functions of n’s, K°s and A’s in neutral current events,

6. QCD effects in neutral current events.

We emphasize again that to perform kinematic analysis on neutral current events
it is necessary to have good information on the neutrino energy. Only in a di-

chroﬁatic neutrino beam is this possible.
CHARGED CURRENTS

This proposed run would result in 4900 neutrino and 820 antineutrino
charged .current events. Wheﬁ conmbined with the data from E-388, we would have
a total of about 1440 antineutrino charged current events. | The anttneutriuo
ch;fged current events are(espeéially intereéting because of the apparent ano-
maly in the W—ﬁistribution (invariant mass of the hadron systeﬁ) in dilepton
;vents teported.by the BEBC "TST" Collaboration.! There appears to be a excess

of events near 5 GeV. Fig. 1 shows the same W-distribution (unpublished) for

dilepton events corresponding to 1500 antineutrino charged current events from
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E-546 (Berkeley-Fermilab—Hawaii~Seattle-wisconsin\collaboration). If the charm
model used to calculate the curve on the Fig. 1s, in fact, correct, there is
only a 1% probability of obtaining the observed distribution of events. In
agreement with BEBC there appears to be an anomalously large number of events
in the region of 5 GeV. This excess is not understoods With the data from the

run proposed here we would be able to nearly double the number of events shown

in Figo 1.

NEUTRINO OSCILLATIONS

A new ana exciting possibility is that this experiment can setkﬁ signifi;
cant limit on neutrino oscillations. At first glance it might seem surprising
that an experiment using a dichromatic neutrino beam could compete with one
using a broadband beam due to the mich larger event rate in the latter.
However, the main uncertainty that determines the limit that can be set in a
neutrino experiment is not due to the statistical error on the number of
events, Rather it is determined by the uncertainty in the backgrouﬁd Ve . flux
due to K decays. This background is typicaliy 1-1/2% with an uncertainty of
1/2% in a broadband neutrino beam. One way to reduce this uncertainty with
confidence is to measure the K flux emerging from the beam train. For the bro-
adband beam at Fermilab this has proved to be impossible. However, the K flux

emerging from the dichromatic train was measured by the CFRR collaboration dur-

ing our E-388 run. Preliminary results for the K/m ratio are shown below:
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TUNE ENERGY
(GeV)
120 140 169 200 250
Kt/ wt 9.7 11.3%7 12.2% 13.02 16.1%

K™/ 6.6%Z 6.0%7 5.5% A4.7% 4.1%

The fractional errors on the above numbers are estimated at +5%. Final results
are. expected to have an error of about #3%2. From the above table we see that
the background is expected to be lower in an antineutrino beam. For our E-388
‘antiﬁeutrino run we calculate 3.4 background events out of a tota1~of 620 ex-
pected charged cu¥rent events. Without any energy cuts this 1is aboug three
times smaller than for a broadband neutrino beam. As we will see belcq,energy
cuts will reduce this by another factor of about 20. Because the proton is
targeted at a large angle relative to the antineutrino beam direction the bro-
adband background is only 0.30 events for the whole of for E-388 and was meas~
ured by taking data with the beam defining slits closed. The broadband back-
ground appears to have no energy dependence. The main background comes from
.charged K decays. | Eveﬁ here discrimination is possible due to the fact that
the neutrino energy ééectrum from charged K decays is quite different from that
due to =n decays. This is shown in Fig. 2 which shows the spectra for a 120
GeV tune at a transverse radius of 1.5 meters in the bubble chamber. A cut at
40 GeV would eliminate 957 of the background due to K decays bﬁt would keep
98% of the neutrinos due to & decay. At higher energles the. separation 1is
«
about the same as shown in Figs. 3 and 4. The limit set by this ekperiment
would be determined by the statistical uncertainty in the number of events.
The requested 0.3x10!? protons on target tuned to antineutrtﬁos'plus the data

from E~388 would give us a total of about 1500 charged current events. Af ter
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energy cuts as described above the total backgrouﬁd including wideband backF
ground will amount to about ! event. Thus, we could set an upper limit of ~
0.1Z2 for antineutrino oscillations. TFor maximum mixing .+ this would give
the limits,

Amﬁe <1 evz, Amﬁtv< 3 ev2,

For neutrino oscillations the mass limits would be about the same.

The above limits on Am? are similar to those published by other antineu-
trino experiments at larger L/E. This includes an experiment at LAMPF which
has reported a limit, 2 | |

Am?2

de € 0.64 ev2,

and a result reported by the Gargamelle collaboration, 3

AmZ, < 1 ev2,
There 1s some doubt about this last result because the errors appear to have
been underestimated.“ A BNL-Columbia experiment has reported an upper limit of
.2-1/2% for the oscillation of p neutrinos into T meutrinos in a high energy.
broadband neutrino beam.> If heutrino oscillations actually occur at this
linmit, the éxpériment proposed here would see a signal of about k20 events 1in
the dichromatic neutrino beam with a total background of about 6 events. An
emulsion experiment, again using neutrinos, has reported a 1im1t,6.

Amgt < 3 ev2,
It has been pointed out that if neutrino oscillations do not conserve CP, then
neutrino and antineutrino oscillations will be different.’ Furthermore, CP vio-
lation is a function of L/E. This means that neutrino oscillations need to be
examined with both neutrinos and antineutrinos at many‘different values of L/E.

To date only the Gargamelle Collaboration has reported a result using both neu-

trinos and antineutrinos and there is some doubt about it as mentioned above.
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For that experiment L/E was about 0.04 m/MeV. The experiment proposed here

would examine osci{llations with both neutrinos and antineutrinos at L/E ~ 0.02

m/MeV.

Finally, and with some hesitation, we mention that we do in fact have one
intriguing event in E-388. The only lepton is an et with a measured energy of
5 GeV with a large error. The reconstructed V, energy is 10 to 20 GeV. The
tune and radius correspond to the parameters in Fig. 2. As can be seen from
Fig. 2 it 1s very unlikely that this eVeqt comes from a Vg from K~ decay.

‘However, 1ts energy is consistent with the event coming from a GU from
U_@ecay. Since this égeqt was;fDUnd in the first 1/3 of our film, it corres-

" ponds to a total of1200»antineutrino'events. The broadband’background and the
o , ‘ : amount to 015 ‘

background from K-j' decays added tOgetﬁer'évents for this sample. Here then is

a éépﬁi&été fﬁrAé neerino oscillation! If real the rate implied by this event

a éiirvéé . o

Am;e = 0.5-1.0 ev?,

for maximum mixing.




PAGE 8 .
REFERENCES

1. BEBC "TST" Collaboration, Phys. Lett. 94B, 527 (1980).

2. LAMPF, S.E. Willis et al.,Phys. Rev. Lett. 44B, 522 (1980).

3. Gargamelle Collaboration, J. Blietschau et al., Nucl. Phys. B133, 205
(1978).

4. D.0. Morrison, CERN/EP 80-190, Oct. (1980) ‘

5. BNL-Columbla Collaboration, A.M. Cnops et al., Phys. Rev. Lett. 40, 144
(1980).

€. United States-Canada-Korea-Japan Collaboration, K. WNiu, Nagoya Report DPNU
28-80, and T. Kondo, Madison Conf. (1980).

7. Barger, Whisnant, and Phillips, Phys. Rev. Lett. 45, 2084 (1980).




W (GeV/es)
Fl"? 1

1
-
ol ME
| E-546
<l \7TO0 V. CC evedls
(0 L
7))
‘i; r
9y |
e Charv wmedel
o 2 4 6 e Jo 12 4



RN ol . : | b . TN .I.
ETE] IO B B F M SERITRR TR ARt ISR FNETS RO A PP
- : S SR s : m :
; o I . . )
- Py S . e .- PN AR o
: B p I i .
. . 1 ~ :
NS DANDE S ML DA e - N H ) H B
DS PDREE RENDE BESEE MASSE i x i El:ﬂ..uhb oA ..?lm:., .rf(
S EETSY EE) ERE R . v R

VS SRV SN R

joo 20 140

¥O
P

: - : B
« 2 L ISERS FERNS S , sl
B < Ja B “q . . i
P o !v'i—;‘ ) R -
RS I S s DS SOOUE FAANE
ey ERREIRETS ERTRE LY
EEE PR BEEEs S Joop b
s - - * N
- PO ¢ M
RN =N : ;
Loedan s S EEEN SRRES i o ;
. . EEER ity R .- R M LARIUIN SO
- ERIIS B EE R B T S PPN . P BN B RS HEEES IO SR . . . LT Y " L B v
N EEONS FRES NST St EEEEY R RN T Y RS Bt N I SRR PEOS P
ESE EEENS FEETY P FS30 EOSTY BERCY EPRTY FEREY ERTY BRERS ERES B e i el i
ESS4 FRSad SESE ESESY ERRSY REEEE EES2S BISE SERTS EORES SRS SESY BEE EREES CEERY FREDH REES RIS
- - LR Rl R E L Tt S [ .. rH v .. BN e e I PR . e .- B B id N
WS R RIEE IS R RICTR IS NIPEPY SN ST IRt SO SR S DO DD IR PN I ¥
. . . vew e . R . PP - . .. e ) . e s da o B e F o DRI TP S ww mv“
EEH ST F3ot SESE: $E053 SRS EUERE DY FRVEE EPRSE FROE:
T : EEES FERRS BE 8 BAOE SRS EEREY BES N 5
1 Ot . : : FESY EEREY ERERRENETE IUENE |
[ . . P . P .y
’ . ! IO RN BEOAS MO & e : i : H
i . . N N PRI P . H I N
o " , , o d ! _ ,. ,
: I N 1 !

60
Fra

40

20

ocet 9F

- O
A

¥S P ohe surw QD MISED W ITIANIN

SIHINL B X & HIN} I 01 8 X 01

o




Vel

.e"

e

‘
by
‘o

AR

B

& P frp

“L'.‘l:;. i

—— 1ot
a.m . . [} - I S

e R 3
JURTURTS TS %) SO :

K

64

Exl(

i
W Ly o
R s — ;n].fC/
DT ™

[N SRV PRS-

¥

H

b
R s A

l




I . 13
i ! i H !
ARESAINN JUE SR RNNSOURE VDU SV SOUC-SUN St |
1 : : ; :
R i . !
PR 1 v, t
1 1 P i!l;
i v v I .
I i 3 M
“v € i M .
Sl H i
H H :
. 5
T |
TN RSN HE A A A P ,m ..... e

JEPESNG S

! i m i
: H | } . i
! i LS SRS i
: po ! : | ! i
N R R R , i :
4o N B i e | Pl i
s ; — - - -

I T T * - : i f :
]I&‘]O— Bt S PN PR ; ; { :
: ,um.mem .nc_w Ww m w , M
T Wi ¢ \ SO ! i : .

— ::Mm NMVM 6&::8::.»; : 7 i e ;
K-S SR S o : ... : :
TS ——
> 2 .m,_n v .a. .A. L . -
CESEvRp v N ” ‘
,.5 W B ~ L. . i R H L . o -
8723 W IR R DN N
- lawoeﬂa\llM“f»ua n.w ( Iaf\ m:..: — -.Mf ——— acl\::.|. :m ..-..q.m@ [ M.k! - ..Mlo.t lx.‘w i\i..l.lt-“
. .v..m oo ” N b i w...su
u' m o ‘ : i : ' :
- [y f: S S b b e
oo m T
. : A : AR
ST SN SUR PO § . H ; :

R T T St

‘1'




